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Numerous reports have been made on inhibi-
tors of tyrosinase activity but their results vary
because the experimental conditions are different
with each worker and it is impossible to compare
their results. The present work was undertaken
in order to compare results of experiments con-
ducted with known inhibitors as well as some
compounds which were considered of interest,
under identical conditions.
MITHOD
1. Preparations of Enzyme Solution. Prepara-
tions mainly followed the method of Kubowitz
(I) with an addition of dialysis procedure. Two
kg. of potatoes was ground up, filtered through
gauze, cooled, and cold acetone added to 37 v%.
The precipitate formed was removed by centri-
fugation, acetone was added to the supernatant
to 55 v%, and the enzyme that precipitated was
dissolved in a small amount of cold water. This
enzyme solution was centrifuged to remove some
insoluble matter and while cooling, saturated
ammonium sulfate solution was added to 0.42
saturation (Hofmeister's degree of saturation).
The precipitate formed was removed by centri-
fugation, saturated ammonium sulfate solution
was added to the supernatant to 0.68 saturation,
and the enzyme that precipitated was collected
by centrifugation. The enzyme was dissolved in
a small amount of cold water and dialyzed in a
cellophane bag for 24 hours against 1000 ml.
of cold distilled water. The dialyzate in the
cellophane bag was adjusted to pH 5.4 with 0.2M
acetate buffer and cold acetone added to 55 v %
to precipitate the enzyme. The enzyme was
collected by centrifugation, dissolved in 5 ml. of
0.03M phosphate buffer (pH 7.1), and this
enzyme solution was frozen in a refrigerator.
2. Measurement of Tyrosinase Activity. Enzy-
matic activity was measured by the oxygen
uptake with p-cresol as the substrate and deter-
mined by the Warburg manometer. p-Cresol was
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dissolved in 0.03 M phosphate buffer (pH 7.1)
and the inhibitors were dissolved, according to
their solubility, in 0.03 M phosphate buffer or a
mixture of this buffer and polyethylene glycol
400.
In the main chamber of the manometric vessel,
2.6 ml. of the substrate solution (containing 0.5
mg. of p-cresol) was placed, 0.1 ml. of the enzyme
solution and 0.3 ml. of the inhibitor solution in
the side arm, and 0.2 ml. of 20% potassium
hydroxide solution in the auxiliary chamber,
and total amount of the reaction solution was
made to 3.0 ml. In the control flask, 0.3 ml. of
the above buffer was added in place of the inhibi-
tor solution.
A blank flask was "run" with both experi-
mental and control flasks, containing 2.6 ml. of
the foregoing buffer solution in place of the
substrate solution, and the amount of oxygen
uptake by the blank flask was subtracted from
the values of the experimental and control
flasks. The experiment was carried out by
shaking in a thermostat of 37° for 15 minutes to
reach the equilibrium, the content of the side-arm
was then tipped into the main chamber, and
values were recorded every 10 minutes for a
total of 120 minutes.
RESULTS AND COMMENTS
Experimental results are summarized in Table
1 which shows the average values of duplicate
experiments for each inhibitor concentration.
Considerations will be made on experimental
results, dividing the inhibitors used, for the sake
of convenience, into (1) copper-combining rea-
gents, (2) sulfur compounds, and (3) phenolic
compounds.
1. Copper-combining Reagents. Among 14 kinds
of chemicals used anthranilic acid (2), benzoin
oxime (2), salicylaldehyde oxime (1), EDTA
(3, 4), 8-quinolinol (4, 5), sodium diethyldithio-
carbamate (1, 4, 6, 7, 8), 2-benzothiazolethiol
(3, 4), and potassium cyanide (4, 6) were already
reported as the tyrosinase inhibitor, but
p-dimethylaminobenzylidenerhodanine, acetoin
TABLE 1
Compound U° Mo!.Concnt.(—Log)
% Inhibitionb
60mm. 120mm.
Relative
Effect on
Induction
Period0
Relative
Effect on
02 Uptake
Rated
Color0
Anthranilic acid 4 3 —5 0 0 1.2 Red. brown
p - Dimethylaminobenzylidene- 3 3 6 1 1 0.8 Red. brown
rhodanine
Acetoin oxime 5 3 6 9 1 1.0 Red. brown
4 2 6 1 1.0 Red. brown
Benzoin oxime 4 3 15 17 1 1.0 Red. brown
4 3 2 1 1.0 Red. brown
Salicylaldehyde oxime 5 2 85 70 10 0.1 Light brown
3 32 22 1 0.6 Red. brown
4 3 2 1 0.9 Red. brown
7,7-Uramildiacetic acid 4 3 7 5 0 1.5 Red. brown
4 14 12 0 1.1 Red. brown
EDTA(2Na) 4 3 3 3 1 1.0 Red. brown
Quinaldic acid 5 3 5 3 2 0.9 Red. brown
8-Quinolinol 5 3 97 97 — — Colorless
4 93 94 — 0.1 Light yellow
5 58 48 1 0.3 Light brown
6 3 2 1 0.9 Red. brown
Rubeanic acid 6 3 94 94 — 0.1 Colorless
4 18 9 4 0.6 Red. brown
Sodium diethyldithiocarbamate 5 3 100 100 — — Colorless
4 93 93 — 0.1 Colorless
5 47 35 1 0.4 Light brown
Thionalide 5 3 99 97 — — Colorless
4 2 0 2 1.0 Red. brown
2-Benzothiazolethiol 6 3 100 98 — — Colorless
4 10 5 26 1.1 Red. brown
Potassium cyanide 5 3 101 100 — — Colorless
4 99 71 30 0.3 Red. brown
2,3-Dimercaptopropanol 5 3 95 87 114 0.2 Red. light brown
4 24 9 16 0.6 Red. brown
Thioglycollic acid 8 3 96 93 — — Colorless
4 12 7 1 0.5 Red. brown
S-Carbamoylthioglycollic acid 5 3 0 0 3 1.0 Red. brown
L-Cysteine hydrochloride 4 3 38 19 5 0.5 Red. brown
4 4 3 1 1.4 Red. brown
Glutathione 3 81 —3 39 1.1 Dark purple
4 —4 —3 1 1.2 Red. brown
Camphor-lO-thiol 6 3 95 83 30 0.1 Colorless
4 0 0 1 1.0 Red. brown
Thiourea 6 3 7 3 1 0.9 Red
Phenylthiourea 5 3 96 95 — 0.1 Colorless
4 94 93 — 0.2 Colorless
5 88 41 11 0.3 Red. brown
Benzaldehydethiosemicarbazone 4 3 92 76 14 0.1 Light purple
4 15 7 4 0.8 Red. brown
4 - Acetylaminobenzaldehyde - 4 3 77 51 5 0.2 Light purple
thiosemicarbazone 4 0 0 1 1.0 Red. brown
Tetramethylthiuramdisulfide 4 3 15 14 1 0.8 Red. brown
Tetramethylthiuramsulfide 5 3 20 17 1 0.7 Red. brown
2-Thiouracil 5 3 5 5 1 1.3 Light brown
6-Methyl-2-thiouracil 7 3 0 0 1 1.2 Light brown
Sulfanilamide 8 3 —7 —8 1 1.1 Brown
4 1 1 1 1.1 Red. brown
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oxime, 7, 7-uramildiacetic acid, quinaldic acid,
rubeanic acid, and thionalide seem to be un-
reported. p-Dimethylaminobenzylidenerhodanine
and anthranilic acid are reagents that form a
single salt with copper but neither showed any
inhibitory effect in the experimental concentra-
tion. The copper in tyrosinase is thought to be
present in the state of Cu, so that it seems
natural that p-dimethylaminobenzylidenerhoda-
nine that combines with Cu but not with Cu
Compound EnznieUnit
Mo!. % Inhibitionb Relative
Conunt. Effect onInduction(—Log) 60 mm. 120 mm. Period0
Relative
Effect on
Ot Uptake
Rate4
Color0
Homosulfanilamide
Sulfathiazole
Sulfisoxazole
Sodium sulfisomidine
Sodiumthiocyanoacetate
Sodiumthiosulfate
Resorcinol
4-Chiororesorcinol
4-n-Hexylresorcinol
6 - Hydroxy - 1,3 - benzoxathiol-
2-one
2, 4-Dihydroxythiophenol
Big - (2,4 - dihydroxyphenyl) -
disulfide
Hydroquinone
Hydroquinone monobenzyl ether
Isoamylgallate
p-Propionylphenol
p-Hydroxyazobenzene
2,6 - Ditert - butyl - 4 - methyl-
phenol
Hexachiorophene
Butyl-p-hydroxybenzoate
p-Aminosalicylic acid
6
7
7
8
5
5
5
5
5
4
4
5
7
7
5
3
4
4
4
4
4
3
3
4
3
4
3
4
3
3
4
3
4
3
4
3
4
3
4
3
4
3
4
3
4
3
4
3
4
3
3
4
3
3
3
3
4
5
—4
4
—3
2
—4
5
8
20
11
48
3
100
93
100
70
94
49
97
62
99
89
—31
—3
4
0
—13
0
8
38
4
0
0
0
—4
2
6
—4
6
—4
3
—4
7
7
21
11
48
3
100
92
100
59
95
39
97
47
99
82
—35
—5
4
0
—14
0
4
29
2
0
0
0
—4
2
1
1
1
1
1
1
1
1
3
2
1
1
2
1
1
3
0
0
5
1
0
0
2
1
1
1
1
1
1
1
1.3
1.3
1.1
1.3
1.2
1.2
1.1
0.9
0.9
1.0
0.8
0.9
0.1
0.3
0.1
0.4
0.1
0.3
0.1
1.7
1.3
0.7
1.1
1.6
1.4
1.0
0.4
0.8
1.0
1.0
1.0
1.2
1.0
Red
Brown
Red. brown
Brown
Red. brown
Brown
Red. brown
Red. brown
Red. yellow
Red. brown
Red
Red. brown
Light orange
Orange
Colorless
Red
Pink
Red. brown
Colorless
Red
Colorless
Red
Red. brown
Red. brown
Brown
Brown
Dark brown
Red. brown
Red. brwon
Red. brown
Red. brown
ted. brown
Red. brown
Red. brown
Dark brown
Red. brown
a 1 enzyme unit is defined (20) as the amount of enzyme required to catalyze the absorption of 1
l. of oxygen per minute by 0.5 mg. of p-cresol when oxydation is proceeding at a maximal rate.
'° % Inhibition C c
T X 100 (C: 02 uptake of control flask containing no inhibitor in l. T: 02
uptake of test flask containing inhibitor in JLl.)
The values indicate the ratio of induction period of test flask to that of control flask.
d The values indicate the ratio of maximal rate of test flask to that of control flask.
e Color of the reaction mixture after 120 minutes.
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is ineffective. The beginning and rate of colora-
tion of the reaction solution with anthranilie
acid is somewhat earlier than those of the control
and oxygen uptake seems to be accelerated to
some degree, but the total oxygen uptake was
not different from that of the control. The effect
of anthranilic acid is almost the same with the
experimental results of Lorincz (2).
Ethylenediaminetetraacetic acid and 7, 7-ura-
mildiacetic acid are reagents that form organic
complex acid with metal ions. While ethylene-
diaminetetraacetic acid is ineffective at 10 M,
7,7-uramildiacetic acid showed a weak effect,
the degree of inhibition at 10 and 10 M being
reverse, and the activity of this compound seems
to be different from that of other compounds. In
the oxygen-uptake curve (not given), the chemi-
cal accelerates oxygen uptake during the first 30
minutes nd then inhibitory effect appears. This
is thought to be because uramil-diacetic acid
possesses both accelerating and inhibitory ac-
tions, and the accelerating action increases with
increased concentration, so that the percentage
inhibition became reversed at 10 M and 10
M, as in Table 1. Miyaki et al. (3) and lijima et
al. (4) report also the ineffectiveness of EDTA
(10 M).
2. Sulfur Compounds. Among 21 kinds of
chemicals used 2, 3-dimercaptopropanol (3, 6, 8),
cysteine (3, 4, 6, 8, 9, 10), glutathione (6, 9),
thiourea (3, 4, 6, 8, 11, 12), phenylthiourea (6, 8,
11, 12, 13), 4-acethylaminobezaldehyde-thio-
semicarbazone (12), tetramethylthiuramdisulfide
(3, 4), thiouracil (6, 8, 9, 11, 12), sulfanilamide
(2, 10, 12, 14), and sulfathiazole (9, 12) were
already reported as the tyrosinase inhibitor
but thioglycoffic acid, S-carbamoylthioglycollic
acid, camphor-lO-thiol, benzaldehyde-thiosemi-
carbazone, tetramethylthiuramsulfide, 6-methyl-
2-thiouracil, homosulfanilamide, suffisoxazole,
suffisomidine, sodium thiocyanoacetate, and
thiosulfate seem to be unreported. 2, 3-Dimer-
captopropanol (10—s M) almost completely
inhibits the tyrosinase activity up to 110 minutes
after start of the experiment but the rate of
oxygen uptake rapidly increases thereafter and
the rate becomes the same as that of the control.
Glutathione (10 M) also effects powerful
inhibition up to 60 minutes but the tyrosinase
activity is recovered rapidly, and the oxygen
uptake becomes the same as that of the control.
2-Benzothiazolethiol (10— M), a copper reagent,
also completely inhibits tyrosinase activity for
the first 20 minutes but this inhibitory effect is
lost rapidly. In such a manner, thiol compounds
of suitable concentration almost completely
inhibit the tyrosinase activity for a definite dura-
tion but the inhibitory effect is lost thereafter
rapidly. Cysteine behaves also similarly. Ac-
cording to Miyaki et al. (3), however, BAL(10—4
M) and cysteine (10 M) show the smooth
sloping without such sudden rising in their
oxygen-uptake curve. This seems to be due to
the purity of enzyme.
Past reports on thiourea give the effective
concentration variously as 1.75 x 101 M (8),
10 M (9, 11) and 1:10 concentration (12), but
in the present experiment, thiourea showed al-
most no inhibitory effect.
2-Thiouracil (10—s M) failed to indicate
almost any inhibition from the point of oxygen
uptake but the final reaction solution remained
pale brown. When air is passed through this
solution for a few hours while warming the solu-
tion in a water bath of 80—90°, the solution turns
dark brown, suggesting that p-cresol absorbs
the same volume of oxygen in the presence of
2—thiouracil, as in its absence, but the product
formed probably corresponds to a reducing-type
melanin and this changes into oxidizing type by
air oxidation. 2-Thiouracil is reported to be
effective in 10 M concentration by a colon-
metric experiment (12) and ineffective by the
manometric method of Dubois et at. (11), but
it is judged as ineffective from the point of
oxygen uptake from the result of present series of
experiments. It may be considered as an effective
inhibitor for melanin formation in that the sub-
strate forms an oxidation product corresponding
to pale-colored, reducing-type melanin and the
formation of a dark-colored melanin is sup-
pressed. 6-Methyl-2-thiouracil also indicates the
same result.
Sulfanilamide has been reported as the effec-
tive inhibitor of melanin formation and these
experiments were all by colorimetry using potato
tyrosinase (8, 10, 11, 14). In the present series of
experiments with potato tyrosinase by the
manometric method, sulfanilamide failed to
show almost any inhibition of tyrosinase activity,
the oxygen uptake being slightly greater than
that of the control at 1Q M concentration and
a slight inhibition of oxygen uptake observed at
10 M. Moreover, the rate of coloration of the
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reaction solution was more rapid than that of the
control, so it seemed that sulfonamide is re-
acting with the oxidation product of the
substrate, in some manner. In this case, it is
possible that the concentration difference gave
the different result because Martin et al. (10)
have used 20 mg. of sulfanilamide in 40 ml.
reaction mixture (about 4 x 10—1 M). In the
modified chromatographic method by Mayer
et al. (12), drops of solutions of the inhibitors to
be tested were deposited on filter paper and
allowed to dry. The enzyme-substrate solution
was then sprayed and color change was observed.
In this experimental condition, it is probable
that the inhibitors react with the enzyme-
substrate solution in more concentrated state
than the concentrations reported. Therefore the
different result also seems to be due to the
concentration effect.
3. Phenolic Compounds. Among 15 kinds of
chemicals used resorcinol (4, 5, 15), 4-chloro-
resorcinol (4, 5, 13), 4-n-hexyl-resorcinol (5),
hydroquinone (8, 14, 15, 16, 17), hydroquinone
monobenzylether (2, 4, 16, 17), p-propionyl-
phenol, (16) and p-aminosalicylic acid (12) were
already reported as the tyrosinase inhibitor but
6-hydroxy-1 , 3-benzoxathiol-2-one, 2, 4-dihy-
droxythiophenol, bis(2 ,4-dihydroxyphenyl)disul-
fide, isoamylgallate, p-hydroxyazobenzene, 2,6-
ditert-butyl4-methylphenol, hexachlorophene,
and butyl-p-hydroxybenzoate seem to be Un-
ported. Hydroquinone possesses a slight
inhibitory effect according to colorimetric experi-
ment of Kull et al. (5) and is said to inhibit the
tyrosinase activity completely in molar concen-
tration 12 times that of tyrosinase, when tested
by the manometric method with tyrosine as the
substrate, as reported by Fitzpatrick and others(16). Kutter et al. (15) described it as 50%
inhibition at 2.2 x 10—a M by his chronometric
method, but, as indicated in Table 1, the present
series of experiments has revealed no inhibitory
effect, marked increasing the oxygen uptake in
10 and 10 M concentrations. This increased
oxygen uptake may be considered as the reduc-
tion of o-quinone, an oxidation product of
p- cresol, by hydroquinone to a dihydroxyphenyl
derivative and this substance further absorbs
oxygen to form o-quinone. Fitzpatrick and others
(16) said that hydroquinone acts as a reduction
agent to change melanin into a pale-colored re-
ducing type but no such action of hydroquinone
in vitro was observed in the present series of ex-
periments.
Fitzpatrick et al. (16) surmised that hydro-
quione monobenzyl ether stimulates tyrosine-
tyrosinase reaction to increase oxygen uptake
but since tyrosinase does not effect catalytic oxi-
dation of the monobenzyl ether, this is probably
due to the oxidation of monobenzyl ether by an
intermediate product from DOPA to melanin.
In the present series of experiments, however,
it was found that hydroquinone monobenzyl
ether becomes a substrate for tyrosinase, absorb-
ing about 2.5 atoms of oxygen per mole of the
ether, and this agrees with the result of Lorincz
(2) using tyrosinase from mouse melanoma. In
Table 1, the values given are based on the differ-
ence in the amount of oxygen uptake between
the experimental flask and that of the blank flask
containing tyrosinase and hydroquinone mono-
benzyl ether, so that the percentage inhibition
of hydroquinone monobensyl ether becomes al-
most zero and inhibition against tyrosinase ac-
tivity cannot be observed.
In general, majority of compounds of azophenol
series form metal complex salt and weak inhibi-
tory effect was observed in p-hydroxyazobenzene.
However, Kananiwa (18) states that this com-
pound does not form a complex salt with copper.
Isoamyl gallate and 2, 6-di-tert-butyl-4meth-
ylphenol are used as antioxidant but both have
no inhibitive action. Due to its reducive action
there was an increase of oxygen uptake in the
case of isoamyl gallate, as in the case of hydro-
quinone.
p-Aminosalicylic acid is said to be effective in
10 M concentration according to colorimetric
experiment (12) but no inhibitory activity was
observed in the present experiments. This differ-
ent result is probably due to the concentration
effect like the above mentioned sulfanilamide.
As in the case of sulfanilamide, the oxygen uptake
was slightly more than that of the control in 10
M concentration, and slightly less in 10 M con-
centration, and the rate of coloration of the re-
action solution was faster than that of the control.
As in the case of sulfanilamide, this compound
possessing a p-aminophenyl group also reacts in
some way with the oxidation product of
the substrate.
In their study on tyrosinase inhibitor by the
colorimetric method, Kull and others (5) indi-
cated that 4-chlororesorcinol possessed the
310 THE JOURNAL OF' INVESTIGATIVE DERMATOLOGY
strongest inhibitive power and its effectiveness
is also reported in animal experiment (13) using
dorsal black fins of a goldfish. In the present ex-
periments by the manometric method, this com-
pound also indicated a powerful inhibitory action
and other resorcinol derivatives also indicated a
comparatively strong inhibitory action. Of these,
bis, (2,4-dihydroxyphenyl) disuffide is a substance
with strong female hormone-like action, syn-
thesized by lJrushibara et at. (19), and shows
strong inhibition of tyrosinase activity. 6-
Hydroxy-1,3-benzoxathiol-2-one and 2,4-dihydro-
xythiophenol, both used as the starting materials
for the above synthesis, also have strong inhibi-
tory action.
SUMMARY
1. Effect of 14 kinds of copper-combining rea-
gents, 21 kinds of sulfur compounds, and 15 kinds
of phenolic compounds against potato tyrosinase
were tested under identical conditions and their
effect was indicated by percentage inhibition.
2. The substrate undergoes catalytic oxida-
tion by tyrosinase in the presence of thiouradil
and consumes the same volume of oxygen as in
the absence of the inhibitor but the oxidation
products stops in the state corresponding to
pale-colored, reducing-type melanin, and does
not show further darkening.
3. In the present series of experiments by the
manometric method, inhibitory activity was not
observed in p-hydroxyphenyl derivatives such
as hydroquinone, hydroquinone monobenzyl
ether, and p-propionylphenol.
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